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METALLOCENES CXr 
2.SUBSTrrUTED?E 



iNING LIGANDS OF 
sfe DERI V ATI VTS, 




PROCESS FOR THEIR PREPARATION, AND 
THEIR USE AS CATALYSTS 

The present invention relates to novel meuUocencs 
which conuin ligands of 2-subsiitutcd indcnyl deriva- 
tives and can very advantageously be used as cataJysts 
in the preparation of polyolcfins of high melting point 
(high isouciicity). 

Polyolefins of relatively high melting point and thus 
relatively high crystallinity and relatively high hardness 
arc panicularly important as engineering materials (for 
example large hollow articles, tubes and moldings). 

Chiral metallocenes are, in combination with aJumi- 
noxanes. active, stercospecific caulysls for the prepara- 
tion of polyolcfms (U.S. Pat. No. 4,769.510). These 
mcullocenes also include substituted indenc com- 
pounds. Thus, for example, the use of the 
cthylenebis(4.5,6,7-tetrahydro- 1 -ii)denyl)zirconium di- 
chloride/aluminoxane catalyst system is known for the 
preparation of isouctic polypropylene; cf. EP-A 185 
918). Both this and numerous other polymerization 
processes coming under the prior art have, in particular, 
the disadvantage that, at industrially interesting poly- 
merization temperatures, only polymers of relatively 
low melting points are obtained. Their crystallinity and 
thus their hardness are too low for use as engineering 
materials. 

Surprisingly, it has now been found that metallocenes 
which contain, as ligands, ceruin 2-substilutcd indenyl 
derivatives are suiuble catalysts for the preparation of 
polyolefins of high isotacticity (melting point) and nar- 
row molecular weight distribution. 

The present invention therefore provides the com- 
pounds of the formula I below 



(D 




(CR«R*), 



is which 

M> is a metal from group IVb. Vb or VIb of the Pen- 
odic Table. 

R> and R2 are identical or different and are a hydrogen 
atom, a C|-Cio-alkyl group, a Ci-Cio-alkoxy group, 
a C:6-Cio-aryl group, a C^-Cjo-aryloxy group, a 
Ci-Cio-alkenyl group, a C7-C40-arylalkyl gr up. a 
C7-C4a-alkylaryl group, a C8-C:40-arylalkenyl group 
or a hal gen atom. 

R3 and R* arc identical or different and arc a hydrogen 
atom, a halogen atom, a Cj-Cicralkyl group, which 
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15 



2 

""l^o^f, halogcnated. a Q-Co-aryl group, an 
-NR2'5. -SR15. -OSiR3'5. -SiR3i3 or -PRjis 
radical m which R'^is a halogen atom, a Ci-Cio-alkyl 
group or a C6-Cio-aryI group, 
R5 and R* arc identical or difTerent and arc as denned 
for R^and R<, with the proviso that R^and R^arc not 
hydrogen. 
R'is 

R" R»' R'l Rll Rll 

R»2 R»2 in li2 

R" R" 
I 1 

R>^ R»^ 

20 -BR". «AIR'». -Ge-. -Sn-. -0-. «SO. 
«S02. «NR". -CO. -PR" or =P(0)R". 

where 

25 R". and Ri3 are identical or different and arc a 
hydrogen atom, a halogen atom, a Ci-Cjo-alkyl 
group, a Ci-Cio-fluoroalkyl group, a Q-Cio-aryl 
group, a C6-Cio-nuoroaryr group, a C|-<:io-alkoxy 
group, a C2-Cio-aJkcnyl group, a C7-C4o-aryIalkyl 

30 group, a C8-C4o-ary]aJkcnyl group or a C7-C40- 
alkylaryj group, or RH and R12 or RH and R", in 
each case with the atoms connecting ihera. form a 
ring, 

is silicon, germanium or tin, 
35 R« and R' arc idcnlicaJ or difrcrcnl and arc as defined 
for Rii, 

m and n are idcnticaJ or difTerenl and arc zero, 1 or 2, m 

plus n being zero. I or 2, and. 
the radicals R»o are identical or different and are as 
^ defined for R» ». R12 and R". 

Alkyl is straighi^hain or branched alkyl. Halogen (ha- 
logenaied) is fluorine, chlorine, bromine or iodine, 
preferably fluorine or chlorine. 
In the formula I. M> is a metal from group IVb, Vb or 
y lb of the Periodic Table, for example titanium, zirco- 
nium, hafnium, vanadium, niobium, Untalum, chro- 
mium, molybdenum or tungsten, preferably zirconium, 
hafnium or titanium. 
^ Ri and R2 are identical or difTerent and are a hydrogen 
atom, a Ci^io-. preferably Ci-Cj-alkyl group, a 
C1-C10-. preferably C|-C3-alkoxy group, a Q-Cio-. 
preferably Q-Cg-aryl group, a Q-Cio^. preferably 
C6-Ci-aryloxy group, a Cj-Cio-, preferably C2-C4- 
55 alkcnyl group, a C7-C40-. preferably C7-C|o-arylal- 
kyl group, a C7-C40-. preferably CT-Cu-alkyUryl 
group, a preferably C8-CI^a^ylalkcnyl 

group or a halogen atom, preferably chlorine, 
and R* are identical or different and are a hydrogen 
60 atom, a halogen atom, preferably a fluorine, chlorine 
or bromine atom, a C1-C10-. preferably Ci-C4-alkyl 
group, which may be halogcnated, a Ce-Cio-, prefer- 
ably Q-Ca-aryl group, an -NR2". -SR»5, 
SiR3»^ — SiRjiJor —PR2>5 radical in which Ri^isa 
65 halogen atom, preferably a chlorine atom, or a 
C1-C10-. preferably Ci-Cj-alkyl gr up r a O^Cio-, 
preferably Q-Cg aryl group. R^ and R* are particu- 
larly preferably hydrogen. 



R^and R^arc identical or difrerentj)relCT!5ly identical, 
and arc as defined for R^ and K^ with the proviso 
thai R- and R* cannot be hydrogen. R^ and R^ are 
preferably (Ci-QValkyl, which may be haJogenaied, 
such as methyl, ethyl, propyl, isopropyl, butyl, isobu- 
tyl or trifluoromethyl, in particular methyl. 

R^is 

R»» R" R'» R" 

R»2 R»2 Rt2 
Rll rM Ril 

In In Ri2 

=BR". =AIR". — Gc— , — Sn-, — -S— . 
==S0. =S02. =NR»i. =C0. =PR»» or =P(0)R", 
where R", R*^ and R*^ are identical or different and 
arc a hydrogen atom, a halogen atom, a Ci-Cio-, 
preferably C|-C4-alkyl group, in particular a methyl 
group, a Ci-Cio-fluoroalkyl group, preferably a CF3 
group, a C6-C10-. preferably Ce-Cg-aryl group, a 
Q-Cio-fluoroaryl group, preferably a penla- 
fluoropbcnyl group, a C1-C10-, preferably C1-C4- 
alkoxy group, in particular a methoxy group, a 
C2-C10-, preferably C2-C4-alkcnyI group, a C7-C40-. 
preferably C7-CiO-arylalkyi group, a CS-C40-. prefer- 
ably Cr<^i2-arylalkcnyl group or a C7-C40-. prefera- 
bly C7-Cu-alkyIaryl group, or R< ' and R»2or R>> and 
R13, in each case together with the atoms connecting 
them, form a ring. 

is silicon, germanium or tin, preferably silicon or 
cermamum. 

R7 is preferably =CR»»R>2. =SiR»»R»2. =GeR»iRl2, 



_0-. -S-, ==SO, =PR» or =P(0)R»». 
R»and R'are identical or different and are as define as 

fOTR>l. 

m and n are identical or different and are zero, 1 or 2, 
preferably zero or 1. where m plus n is zero, I or 2, 
preferably zero or 1. 

The radicals R***are identical or different and are as 
defined for R*<. R'^ and R»^. The radicals R«>arc pref- 
erably hydrogen atoms or C1-C10-, preferably C1-C4- 
alkyi groups. 

Th particularly preferred mctalloccncs are thus 
those in which, in the formula I. M» is Zr or Hf, R* and 



A 



4 

are identical or different and arc mcthy^^hlorinc. 
and arc hydrogen. R5 and R* are identical or 
different and arc methyl, ethyl or trinuoromcihyJ, R' is 
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I I 
"~C— . or —Si—, 

R'2 R»l 



radical, n plus m is zero or 1. and R><> is hydrogen; in 
particulaj the compounds I listed in the working exam- 
ples. 

Of the meulloccnes I mentioned In the working ex- 
^5 amples, rac-dimcthylsilyl(2-mcthyM.5,6,7-tctrahydro- 
l-indenyl)2zirconium dichJoridc, rac-cthylcne(2-meth- 
yM,5,6,7-tetrahydro-l-indeny!)2rircomum dichloride, 
racdimethylsiIyl(2-methy!-4,5.6,7-letrahydro-l- 
indenyOjdimcthylzirconiura and rac-elhy!cne(2-melh- 
yl-4,5,6.7-tetrahydro-lMndcnyl)2dimcihyIzirconium are 
particularly important. 

The chiral metalloccnes arc employed as racemates 
for the preparation of highly isotactic poly-l-olefms. 
However, it is also possible to use the pure R- or S- 
*^ form. These pure stereoisomcric forms allow the prepa- 
ration of an optically active polymer. However, the 
m^ form of the roetallocencs should be separated off 
since the polymerization-active center (the metaJ atom) 
in these compounds is no longer chiral due to mirror 
^ symmetry at the central metal, and it is therefore not 
possible to produce a highly isotactic polymer. 

The principle of resolution of the stereoisomers is 
known. 

The present invention furthermore provides a pro- 
cess for the preparation of the metalloccnes I, which 
comprises 

a) reacting a compound of the formula II 




in which R^-Rio. m and n are defined in the formula 
^ I and is an alkali metal, preferably lithium, with a 
compound of the formula III 

65 in which is a defmed in the formula I, and X is a 
halogen atom, preferably chlorine, and catalytically 
hydr genating the reaction product, or 
b) reacting a compound of the formula Ila 
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(lU) 



■=rsf 




r3_/ O V-(CR«R»)«-R'-(CR'R») 



with a compound of the formula III 




CR">)» 



Oil) 



in which all the substitucnts are as defined under a), and. 
if desired, derivatiring the reaction product obuined 

'"m^iJ^thisis is carried out under a protective g« 
and in Xdrous solvents. The dried salt of the foraula 
11/lIa is added to a suspension of the compound of the 
formula III in a solvenl such as toluene, n-hexane. di- 
chloromethane. ether. THF. n-pentane or benzene. 
orSly dichloromethane or toluene. The reaction 
EmSS.Jre is from -78' C to 30' C. preferably f^m 
_40* C. to 10* C. The reaction duration is from 0.25 to 
24 hours, preferably from 1 to 4 hours. 

A further embodiment of the process according to 
the invention comprises replacing J^e ^onipound 111 
MIX*, by a compound of the formula Ilia. M'X4L2. In 
Sis^^uta, L Ta donor ligand. E^-P>- °f 
donor ligands are tetrahydrofuran, diethyl ether, di- 
JSSyl fther. inter alia, preferably tetrahydrofur«i 

^^]Ss case, a solution of the sail of the formula Il/lla 
in one of the abovementioned solvents « » 
solution or suspension of a compound of the fonnuU 
Ilia in a solvent such as toluene, xylene, ether or THF. 
orefcrably THF. However, an alieraative procedure is 
fo simultaneously add both components dropwue to a 
^IvSt. This is the preferred procedure. The reacuon 
SLjerature is from -40' C. to ^^'^r^tlPk -Z 
0* C to 50- C. in particular from 10 C. to 35 C The 
"caciion duration is from 0.25 hour to 48 hours^P«f«". 
bly from I hour to 24 hours, in particular from 2 hours 

'°The°hIdrogenation is carried out in a dry. anhydrous 
solvent such L H2CCI, or glyme. The reaction temper- 



ature is 20' lo 70* C. preferably from ambicnl tempera- 
turc lo 50* C. ihe pressure is from 5 to 200 bar, prefera- 
bly from 20 to 120 bar, in particular from 35 lo 100 bar, 
and the reaction duration is from 0.25 to 24 hours, pref- 
erably from 0.5 to 18 hours, in particular from I to 12 
hours. Hydrogcnation reactors which can be used arc 
steel autoclaves. The hydrogenation catalyst used is 
platinum, platinum oxide, palladium or another conven- 
tional transition-metal catalyst. 

The halogen derivatives obtained in this way can be 
converted into the alkyl, aryl or aikenyl complexes by 
known standard methods. 

The compounds of the formulae 11 and lla arc synthe- 
sized by dcprotonation. This reaction is known; cf. J. 
Am. Chem. Soc., 112(1990) 2030-2031. ibid. 110(1988) 
6255-6256, ibid. 109 (1987). 6544-6545, J. Organomct. 
Chem., 322 (1987) 65-70. New. J. Chem. 14 (1990) 
499-503 and the working examples. 

The synthesis of the protonatcd forms of the com- 
pounds of these formulae has also been described, with 
the difference that they are not correspondingly substi- 
tuted in the a- and )3-positions (Bull Soc Chim., 1967, 
2954). The bridging units required for their synthesis 
arc generally commercially available, but the indenyl 
compounds required, by contrast, are not. Some litera- 
ture references containing synthesis procedures arc 
indicated; the procedure for indcnc derivatives which 
are not mentioned is analogous; J. Org. Chem., 49 
(1984) 4226-4237, J. C:hem. Soc., Perkin II, 1981, 
403-408. J. Am. Chem. Soc., 106 (1984) 6702, J. Am. 
Chem. Soc.. 65 (1943) 567, J. Med. CHicra.. 20 (1987) 
1 303- 1 308, Chem- Bcr. 85 ( 1 952) 78-85 and the working 
examples. 

The mculloccncs I can thus in principle be prepared 
' in accordance with the reaction scheme below: 



HjR' + butylLi >HRTJ X-(CR»R^,."R^-(CR«R^-X ^ 

HiK^ + butylU >HR'U 

HR'-(CR«R^.-R'-(CR«R^-R^ ^ ''"'^'^ > 
UR'-{CR'R»)m-R'-(CR»R').-R'Li — — ^ 



(R«R»Q«-R' a (R«R»C).-R' rI 

(r»r9c).-r»' a (r»r9q,-r*' a 

(addiliojuJ hydrogcMiion ilep if luning aulcriih arc HjR'* and HiR**) 

(R«R'C)«-R' Rl 
.RiU^ rT ^/ 

Ot»R'Q,-R>''^R2 

X » a, Br, I. O-iosyl; 
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-continued 




The cocatalyst used according to the invention in the 
polymerization of olefins is an aluminoxane of the for- 
mula OV) 




for the linear type and/or of the formula (V) 

for the cyclic type, where, in the formulae (IV) and (V). 
the radicals R may be identical or different and are a 
Ci-Q-alky) group, a Cfi-Cu-aryl group or hydrogen, 
and p is an integer from 2 to 50, preferably from 10 lo 
35. 

The radicals R are preferably identical and are 
methyl, isobulyl, phenyl or benzyl, particularly prefera- 
bly methyl. 

If the radicals R are different, they are preferably 
methyl and hydrogen or alternatively methyl and isobu- 
tyl. preferably from 0.01 to 40% (of the number of 
radicak R) being hydrogen or isobutyl. 

The aluminoxane can be prepared in different ways 
by known processes. One of the methods is, for ejiam- 
plc, the reaction of an aluminum-hydrocarbon com- 
pound and/or a hydridoaluminum-hydrocarbon com- 
pound with water (gaseous, solid, liquid or bound— for 
ejiample as water of crystallization) in an inert solvent 
(such as, for example, toluene). In order to prepare an 
aluminoxane containing different alkyl groups R, two 
different trialkylaluminum compounds (AlRj+AlR'j) 
in accordance with the desired composition arc reacted 
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with water (cf. S. Pasynkicwicz, Polyhedron 9 (1990) 
30 429 and EP-A 302 424). 

TTic precise structure of the aluminoxanes IV and V 
is not known. 

Irrespective of the preparation method, a varying 
content of unreacted aluminum starting compoond, in 
33 free form or as an adduct, is common to all the alumi- 
noxane solutions. 

It is possible to preactivate the metallocene I using an 
aluminoxane of the formula (IV) and/or (V) before use 
in the polymerization reaction. This considerably i»- 
40 creases the polymerization activity and improves the 
particle morphology. 

The preactivation of the transition-metal compoond 
is carried out in solution. The metallocene is preferably 
dissolved in a solution of the aluminoxane in an inert 
45 hydrocarbon. Suiuble inert hydrocarbons are aliphatic 
or aromatic hydrocarbons. Toluene is preferred. 

The concentration of the aluminoxane in the solutjoo 
is in the range from about 1% by weight up to the satu- 
ration limit, preferably from 5 to 30% by weight, in 
so each case based on the entire solution. The meUDocctte 
can be employed in the same concentration, hot b pref- 
erably employed in an amount of from 10-*— 1 mol per 
mole of aluminoxane. The preactivation time is from 5 
minutes to 60 hours, preferably from 5 to 60 minutea. 
55 The preactivation temperature is from — 78' C to 100* 
C, preferably from 0 to 70* C 

The metallocene can also be prepolymerized or ap- 
plied to a support The prepolymerizaiion is preferably 
carried out using the olefm (or one of the olefins) em- 
^0 ployed in the polymerization. 

Examples of suitable supporu are silica geK alumi- 
num oxides, solid aluminoxane or other inorganic mp- 
port materials. Another suiuble support material is a 
polyolefin powder in fmcly divided form. 
65 A further possible variation of the process comprises 
using a salt-like compound of the formula 
RxNH4.j|BR 4 or of the formuU RjPHBR 4 as cocaU- 
lyst instead of or in addition to an aluminoxane. x here 
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is 1, 2 or 3, the R radicals arc identical or difTcrcni and 
arc alkyi or aryK and R' is aryK which may also be 
fluorinaicd or partially fluorinatcd. In this case, the 
caulyst comprises the product of the reaction of a 
meulloccne with one of said compounds (cf. EP-A 277 
004). 

The polymerization or copolymeriration is carried 
out in a known manner in solution, in suspension or in 
the gas phase, continuously or baichwise. in one or 
more steps, at a temperature of from 0* to 150* C, pref- 
erably from 30* lo 80* C. Olefins of the formula 
R«— CH=CH— R*arc polymeriicd or copolymcrizcd. 
In this formula. R** and R* arc identical or different and 
arc a hydrogen atom or an alkyl radical having 1 to 14 
carbon atoms. 

However. R«and R*. together with the carbon atoms 
connecting them, may also form a ring. Examples of 
such olefins are ethylene, propylene, 1-butcnc, I-hcx- 
cnc, 4-mcthyl-l-pcntenc, 1-octcne, norbomene or nor- 
bomadiene. In particular, propylene and ethylene are 
polymerized. 

The molecular weight regulator added, if necessary, 
is hydrogen. The overall pressure in the polymeriraiion 
system is from 0.5 to 100 bar. The polymerization is 
preferably carried out in the industrially particularly 
interesting pressure range of from 5 to 64 bar. 

The metallocenc is used in a concentration, based on 
the transition mcul, of from 10*3 to 10-8, preferably 
from 10-* to 10-"' mol of transition metal per dm^ of 
solvent or per dm^ of reactor volume. The aluminoxane 
b used in a concentration of from 10-^ to 10- < mol, 
preferably from 10-* to 1 0-^ mol. per dm^ of sol vent or 
per dra^ of reactor volume. In principle, however, 
higher concentrations are also possible. 

If the polymerization is carried out as a suspension or 
solution polymerization, an inert solvent which is cus- 
tomary for the Ziegler low-pressure process is used. For 
example, the polymerization is carried out in an ali- 
phatic or cycloaliphatic hydrocarbon; examples of these 
which may be mentioned are buune, pcnune. hexane, 
hcpune, isooctane, cyclohexane and meihylcyclohex- 
ane. 

It is also possible to use a petroleum ether or hydrogc- 
nated dicscl oil fraction. Toluene can also be used. 

The polymerization is preferably carried out in the 
liquid monomer. 

If inert solvents are used, the monomers are metered 
in in gaseous or liquid form. 

The polymerization can have any desired duration 
since the caulyst system to be used according to the 
invention exhibits only a low time-dependent drop in 
polymerization activity. 

The process is distinguished by the fact that the 
metallocenes according to the invention give, is the 
industrially interesting temperature range of between 
30* and SO* C, polymers of high molecular weight, high 
stercospccificity, narrow molecixlar weight dispcrsity 
and, in particular, high melting point, which is to say 
high crystallinity and high hardness. 

The examples below arc intended to illustrate the 
invention in greater detail. 

The following abbreviations are used: 



VN t= viscosiiy number io cmVg 

v detcnntacd 

» weighi tverage motcculAr wdghl 1 by gel pcnne- 

M^. = molecuUr weight dtspcnity J »«» chronu- 

/ tognphy 
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-continued 

II - tjouctic indei (11 « mm + J mr). detcnnincd by 

'^C-NMR spectroscopy 
= length of the isouctic blocU ftn propylet^ units) 

(nao -1+2 oun/mr). determined by *^-NMR 
_ spectroscopy 



The melting poinis and heats of melting A HmW* were 
determined using DSC (heating &nd cooling rate 20* 
>0 C/min). 

Synthesis of the surting substances 

I) Synthesis of 2-Me-indenc 

1 10.45 g (0.836 mol) of 2-indanone were dissolved in 
500 ml of diethyl ether, and 290 cm^ of 3N (0.87 mol) 
ethereal methylGrignard solution were added dropwise 
at such a rate that the miAture refluxed gently. After the 
mixture had boUed for 2 hours under gentle reflux, it 
was transferred onto an ice/hydrochloric acid mixture, 
and a pH of 2-3 was established using ammonium chlo* 
ride. The organic phase was separated off, washed with 
NaHCOj and sodium chloride solution and dried, giv- 
ing 98 g of crude product (2-hydroxy>2-methylindaneX 
which was not purified further. 

This product was dissolved in 500 cm^ of toluene, 3 g 
of p*to]uenesulfonic acid were added, and the mixture 
was heated on a water separator until the elimination of 
water was complete, and was evaporated, the residue 
was taken up in dichloromethane, the dichloromethane 

^ solution was filtered through silica gel, and the filtrate 
was distilled in vacuo (80* C/10 mbar). 
Yield: 28.49 g (0.22 mol/26%). 
The synthesis of this compound is also described in: 
C. F, Koelsch, P. R. Johnson, J. Am. Cbem. See., 65 

35 (1943) 567-573. 

II) Synthesis of (2-Me-indene)3SiMe2 

1 3 g (100 mmol) of 2*Me-indene were dissolved in 400 
cm^ of diethyl ether, and 62,5 cm^ of I.6N (100 mmol) 
n*butyllithium/n-hexane solution were added dropwise 
^ over the course of 1 hour with ice cooling, and the 
mixture was then stirred at ^35* C for a further 1 hour. 

6.1 cm^ (50 mmol) of dimethyldichlorosilane were 
introduced into 50 cm^ of £t20, and the lithio salt solu- 
tion was added dropwise at 0* C. over the course of 5 
43 hours, the mixture was stirred overnight at room tem- 
perature and left to stand over the weekend. 

The solid which had deposited was filtered off, and 
the filtrate was evaporated to dryness. The product was 
extracted using small portions of n-hexane, and the 
extracts were filtered and evaporated, giving 5.7 g 
(18.00 mmol) of white crystals. The mother liquor was 
evaporated, and the residue was then purified by col- 
umn chromatography (n-hexane/HTCQ: 9:1 by vol- 
ume), giving a further 2.5 g (7.9 mmol/52%) of product 
55 (as an isomer mixture). 

R/(Si02; n-hexane/H2CCl2 9:l by volumc)=0.37. 

The 'H-NMR spectrum exhibits the signals expected 
for an isomer mixture with respect to shift and integra- 
tion ratio. 

60 HI) Synthesis of (2.Me-Ind)2CH2CH2 

3 g (23 mmol) of 2-Me-indene were dissolved in 50 
cm^ofTHF, 14.4 cm' of I.6N (23.04 mmol) n-buiylUthi- 
um/n-hexane solution were added dropwise, and the 
mixture was then stirred at 65* C for I hour. 1 cm^(l 1.5 

65 mmol) f 1.2-dibromoethane was then added at —78* 
C, and the mixture was allowed to warm to room tem- 
perature and was stirred for 5 houn. The mixture was 
evaporated, and the residue was purified by column 



chromatography (SiOi; D-hcAanc/H2CC!r 9:1 by vol- 

UIDC). 

The fractions containing the product were combined 
and evaporated, the residue was taken up in dry ether, 
the solution was dried ver MgS04 and filtered, and the 
solvent was stripped off. 

Yield: 1.6 g (5.59 nunol/49%) of isomer mixiurc R/ 
(Si02: n-hcxane/H2Ca2 9:l by volume)=0.46- 

Thc *H-NMR spectrum corresponds to cxpecuttens 
for an isomer mixture in signal shift and integration. 

Synthesis of the metallocenes I 

IV) rac-DimelhylsUyl(2-Me-4,5,6,7-teUahydn>- 1 • 
indenyl)2 zirconium dichloride 

a. Synthesis of the precursor rac-dimcthyIsilyI(2-Me- 
l-idenyl)2zirconium dichloride 

1.68 g (5.31 mmol) of the chelate ligand dimethyl- 
silyl{2»methylindcne)2 were introduced into 50 cm^ of 
THF, and 6.63 cm^ of a 1.6N (10.61 mmol) n-BuLi/n- 
hexane solution were added dropwise at ambient tem- 
perature over the course of 0.5 hour. The mixture was 
stirred for 2 hours at about 35* C, the solvent was 
stripped off in vacuo, and the residue was stirred with 
n-pentane. fCtered off and dried. 

The dilithio salt obuined in this way was added at 
-78' C. to a suspension of 1.24 g (5.32 mmol) of ZrCl 
in 50 cm^of CH2CI2. and the mixture was stincd at this 
temperature for 3 hours. The mixture was then warmed 
to room temperature overnight and evaporated. The 
IH-NMR spectrum showed, in addition to the presence 
of some ZrCUOhOi, a rac/meso mixture. After stirring 
with n*pentane and drying, the solid, yellow residue 
was suspended in THF, filtered off and examined by 
NMR spectroscopy. These three working steps were 
repeated a number of times; finally, 0.35 g (0.73 
mmol/14%) of product was obtained in which the rac 
form, according to ^ H-NMR, was enriched to more 
than 17;1, 

The compound exhibited a correct elemental analy^ 
and the following NMR signals (CDQs, 100 MHz): 
6 = 1.25 (s. 6H. Si-Mc); 2.18 (s, 6H. 2.Mc>, 6.8 (s, 2H, 
^H-Ind); 6.92-7.75 (m, 8H, 4.7-H-Ind). 

b. Synthesis of the end product 

0.56 g (1.17 mmol) of the precursor rac-dimcthyl- 
silyt(2*Me*]-indenyl)2zirconium dichloride were dis- 
solved in 70 cm^ of CH2O2 ^d the solution was intro> 
duced. together with 40 mg of PtOoi into a 200 cm^ 
NOVA stirred autoclave. The mixture was then stirred 
at room temperature for 4 hours under an H2 pressure of 
40 bar. The filtrate was evaporated, the residue was 
washed with toluene/n-hexane (1:2 by volumeX filtered 
and evaporated. N-pentane was added, and the suspen- 
sion obtained was filtered off and dried. The yield was 
034 g (0.7 mmol/609S»). The IH-NMR spectrum 
(CD2CI2, 100 MHz) showed the following agnais: 

6=0.90 (s. 6H, Mc-Si); 1.43-1.93 (m, 8H. mdenyl-H); 
2.10 (s, 6H, 2-Me); 144-3.37 (m, 8^ indenyl-H>, 6.05 (s, 
2H. 3-H-Ind). 

V) Synthesis of rac<thylenc(2-Mc-4,5,6,7-letrahy- 
drol-indenyI)2zirconium dichloride 

a. Synthesis of the precursor rac-cthylene(2-Me-l- 
indeny])2zirconium dichloride 

14.2 cm^ of 2.5N (35.4 mmol) n-BuLi/n-hexane solu- 
tion were added dropwise over the course of 1 hour at 
room temperature to 5.07 g (17.7 mmol) of the ligand 
elhylcne(2-niethylindenc)2 in 200 cm^ of THF, and the 
mixture was then stirred at about 50* C for 3 hours. A 
precipitate which formed temporarily dissolved again. 
The mixture was left to stand overnight 



6.68 g (17.7 mmol) of ZrCUOhO: in 250an^THF 
were added dropwise, simultaneously with the above 
dilithi salt solution, to about 50 cm^ of THF at 50* C, 
and the mixture was then stined at this temperature f r 

3 20 hours. The toluene extract of the evaporation residue 
was evaporated. The residue was extracted with a litUe 
THF, and the product was recrystallized from t luene, 
giving 0.44 g (0.99 nimol/5.6%) of product in which the 
rac form was enriched to more than 15:1. 

to The compound exhibited a correct elemental analysis 
and the following NMR signals (CDClj, 100 MHz): 
6 = 2.08 (2s, 6H. 2-Me); 3.45-4.18 (m, 4H, --CHtO 
Hi-); 6.65 (2H. 3.H-Ind); 7.05-7.85 (m. 8H, 4.7.H-Ind). 
b. Synthesis of the end product 

13 56 g (1.25 mmol) of rac-«thylene(2-Me-l*iDdenyl)2- 
zirconium dichloride was dissolved in 50 cm^ of 
CHjCh, and the solution was introduced, together with 
40 mg of PtOji into a 200 cm^ NOVA stirred autoclave. 
The mixture was then stirred at room temperature for 2 

20 hours under an H2 pressure of 40 bar and evaporated to 
dryness, and the residue was sublimed in a high vacuum 
at a bath temperature of about ](X)* C, giving 0.46 g 
(1. 01 mmol/81%) of product. The elemental analysis 
was correct, and the 'H-NMR spectrum showed the 

25 following signals: 6 = 1 .46- 1 .92 (m, 8H, indcny 1-H), 114 
(s, 6H. 2.Me); 149-2.73 (m, 6H. indenyl-H and 
— CH2CH2-), 189-3.49 (m, 6H, indenyl-H>, 6,06 (s, 
2H, 3.H-Ind). 

VI) Me22r((2-Mc^,5.6,7-H4-Ind)2CH2CH2l 

30 S cm^ of 1.6N (8 mmol) of ethereal methyllithhim 
solution were added dropwise at -50* C to U7 g (179 
mmol) of a2Zrl(2-Me-4.5,6.7.H4-Ind)2CH2CH2j in 20 
cm^of £t20, and the mixture was then stined for 1 hour 
at - 10* C. The solvent was replaced by n-bexane. and 

33 the mixture was stirred for a further 2 hours at room 
temperature, filtered and evaporated. 

Yield: 1 g (2.40 inmoi/86%); correct elemental anaJy* 
sis. 

VII) Me2Zr[(2-Me-4.5.6,7.H4-Ind)2SiMc2] 

40 4.3 cm^ of 1 .6N (6.88 mmol) of ethereal methyllithimn 
solution were added dropwise over the course of 15 
minutes at -35* C to 1.33 g (2.74 mmol) of a2ZrK2- 
Me-4,5,6,7-H4-Ind)2SiMe2) in 25 cm^of EI2O. The mix- 
ture was stirred for 1 hour, the solvent was replaced by 

45 n-hexane, the mixture was stirred for 2 hours at ICT C 
and then filtered, the filtrate was evaporated, utd the 
residue was sublimed in a high vacuum. 

Yield: 1.02 g (2.49 mmol/89%); correct elemental 
analysis 

50 VIII) a2Zr((2-Me-4,5.6,7-H4-Ind)2SiMcPhJ 

1.5 g (178 mmol) of a2Zr{(2-Me-Ind}2SiMePh] and 
60 mg of PtCh in 80 cm^ of H2CCI2 were bydrogeoated 
for 5 hours at 40* C. in a stirred autoclave under an H2 
pressure of 30 bar. The mixture was filtered, the solvent 

55 was stripped off, and the residue was sublimed in a high 
vacuum. 

Yield: 0,71 g (1.30 inmol/47%); correct elemental 
analysis 

IX) a2Zrl(2-Me-4,5,6,7-H4-Ind)2SiPh2) 

60 0.8 g (1.33 mmol) of a2Zr((2-Me-Ind)2SiPh2l, di*. 
solved in 50 cm3 of H2CaL were stirred for 3 hours at 
40* C. with 30 mg of Pt under an H2 pressure of 50 bar. 
The mixture was filtered, the filtrate was evaporated, 
the residue was washed with warm n-hexane, the mix- 

63 ture was filtered, and the filtrate was evaporated. 

Yield: 0.36 g (0.59 mm 1/44%); correct elemental 
analysis 

X) a2ZrI(2-Et-4,5.6,7.H4-lnd)2CH2CH2] 
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1.09 g (2.30 mmol) of CbZr{(2.Et-Ind)2CH2CH2] m 
80 cm^ of H2CCh were hydrogcnatcd for 1 hour at 
ambient temperature together with 50 mg of Pt02 under 
an H2 pressure of 80 bar. The mixture was fiUercd, the 
filtrate was evaporated, and the residue was sublimed in 
a high vacuum. 

Yield: 0.94 g (1.95 mmol/85%); correct elemental 

analysis 

XI) ChZr((2-Et-4,5»6,7-H4-Ind)2SiMc2l 

2.00 g (3.96 mmol) of a2Zr((2.Et-lnd)2SiMc2]in ^100 
cm^ of H2CCI2 were hydrogcnatcd for 3 hours at 35* C. 
together with 60 mg of P1O2 under an Hz pressure of 50 
bar. The mixture was filtered, the filtrate was evapo- 
rated, and the residue was recrysuUiied from n-pcn- 

^icld: 1.41 g (2.75 mmol/69%); correct elemental 
analysis 

XII) a2Zr[(2-Mc-4.5,6.7.H4-Ind)2CHMeCH2] 

0.80 g (1.73 mmol) of ChZr((2-Me.Ind)2CHMeCH2] 
in 40 cm^ of H2CCI2 were stirred for 1 hour at ambient 
temperature together with 30 mg of Pt02 under an H2 
pressure of 80 bar, the mixture was then filtered, the 
filtrate was evaporated, and the residue was sublimed. 

Yield: 0.55 g (M7 mmoI/68%); correct elemental 
analysis 

Xni)a:Zrl(2-Me-4.5.6.7-H4-lnd):CMei] 
03 g (0.65 mmol) of Cl2Zr((2-Me-lnd)jCMe2] m 30 
cmJ of HjCOi were hydrogcnatcd for 1 hour at ambi- 
ent temperature together with 30 mg of Pt under an H2 
pressure of 70 bar. The solvent was stripped off. and the 
residue was sublimed in a high vacuum. 

Yield: 0.21 g (0.45 mmol/69%); correct elemental 
analysis 

Abbreviations: . , «• u 1 

Me=mcthyl. Et=ethyl, Bu=butyl. Pb=phenyJ. 
Ind=indenyl. THF=tetrahydrofuran, PP=polypro- 
pylene, 

PE= polyethylene. ... 
Metallocenes I as catalysts for the polymeruaiion of 

oleflns 

Example I 

12 dm»of liquid propylene were introduced into a dry 
24 dm3 reactor which had been flushed with mtrogen. 
35 cm' of a toluene solution of methylalummoxane (cor- 
responding to 52 mmol of Al. mean degree of oligomer- 
S>n n = 17) were then added, and batch w« 
stirred at 30* C for 15 minutes. In parallel. 5-3 mg (O.OU 
.mmol) of rac-dimethylsilyl(2-Me-4.5.6.7-tet«hydro.l- 
indenyOizirconium dicWoride were dissolved ui 13^ 
aai of a toluene solution of methylalummoxane 00 
mmol of Al) and prcactivaied by standing for 15 min- 
utes. The solution was then introduced mto the r«ictor 
and the polymerization system was heated to 70" C 
(over the course of 5 minutes) and kept at this tempera- 
ture for 3 hours by cooling. 

The activity of the metallocene was 50.3 kg of PP/g 
of metallocene Xh. , w /vi 1 a. 

VN=37 cmVg; Mw=24 300 g/mol; MJM„=2.4. 
11=96.0%; ni„=62; M.p. = 150' C; AH;«/,= 104 J/g. 

Example 2 

Example 1 was repeated, but 19.5 mg (0.04 mmol) of 
the metallocene were employed, and the polymenzaton 
temperature was 50* C , dd/- 

The activity of the metallocene was 18.8 kg of PP/g 
of metallocene xh. 



VN = 72 cmVg; M,=64 750 g/mol; M^,=:2.i; 
11 = 96.0%; ni,o=64; M.p.= 154- C; AH„efi= 109.5 J/g. 

Example 3 

5 Example 1 was repeated, but 58.0 mg (0.12 mmol) of 
the metalloccne were used and the polymerization tem- 
perature was 30* C. 

The activity of the mctaJlocenc was 9.7 kg of PP/g of 
metalloceoexb. Alia 

JO VN = 152 cmVg; M»= 171 000 g/mol; M«/M, = 2.2; 
11 = 99.9%; n«,= >500; M.p.= I60' C; AH«^=103 

Comparative Examples A-H 
Examples 1 to 3 were repeated, but the mctallocenes 
diracthylsilyl(2-Mc-l-indcnyl)2zirconium dichloridc 
. (meiallocene I), dimethylsiJyi(4,5.6,7-ielrahydro-l- 
indenyl)2zirconium dichloride (mcullocene 2) and 
, dimethylsilyKl-indenylhzirconium dichloride (metailo- 
ccne 3) were used. 





Comp. 




Pdym. 




M.p. 






E*. 


Mcullocene 


tcaip. ['CI 




rci 


P/gJ 




A 


I 


70 


38 


145 


8«.6 


25 


B 


1 


50 


48 


148 


8SJ 




C 


1 


30 


41 


152 


902 




D 


2 


70 


34 


141 






E 


2 


30 


38 


143 






F 


3 


70 


32 


140 






G 


3 


SO 


34 


142 




30 


H 


3 


30 


37 


145 





Comparison of Comparative Examples F/G with 
D/E confirms the positive cfTcct of the 4,5,6.7-teirahy- 
droindeny] ligand compared with indenyl, and Compar- 
ative Examples F/G/H compared with A/B/C show 
the positive effect of the substitution in the 2-position of 
the indenyl ligand. 

In comparison with Examples 1 to 3, however, only 
the combination of substitution in the 2-po5ftk)n to- 
gether with the tetrahydroindeny] system results in 
very high melting points and heats of melting and thus 
in high crystallinity and hardness of the polymers. 

Example 4 

Example 1 was repeated, but 6.8 mg (0.015 mmol) of 
cthylenc(2-Mc-4,5,6,7-tctrahydro- 1 -indenyl)2zirconium 
dichloride were employed. 

The melallocene activity was 72.5 kg of PP/g of 
5Q metallocene X h. 

VN = 35 cmVg; Mir=20 750 g/mol; M,^Ma=«1.9; 
11 = 94.5%; n«,= 34; M.p. = 14r C; AH^/r=92.4 J/g. 

Example 5 

55 Example 4 was repeated, but 28. 1 mg (0.062 mmol) of 

the meLaJiocene were used and the polymerization tem* 

perature was 50* C, 
The melallocene activity was 28.5 kg of PP/g of 

metailocenexh. 
60 VN = 5l cmVg; M»=28 200 g/mol; M»/M«=2.2; 

11 = 94.8%; naa=35; M.p. = 143* C; AH«r/f==97.9 J/g. 

Example 6 

Example 4 was repeated, but 50 mg (O.UO mnool) of 
65 the metallocene were used and the polymerizatioo tern* 
perature was 30* C 

The metallocene activity was 10.9 kg of PP/g of 
metallocene X h. 
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VN-92 cmVg Mw=93 800 g/mol; M^n = 2.2; 
11=95752; ZX M.p.= l5r C; /^H„w,=99.0 J/g. 
Comparative Examples ^ . , iw^«^ 

Examples 4 to 6 were repeated, but the metal ocenes 
ethy^ne(l.indenyn2zircoruum dichloride i^n.^^^l 
4) and cthylene(2.Me.l-indenyl)2Zircomum dichlondc 

(meiallocene 5) were used. 



Comp- 



MeuHocene 



1 

K 
L 
M 
N 
O 



Polym. 
temp. I'Cl 


Dud 


M.p- 

rc) 


70 


23 


132 


50 


. 30 


138 


30 


29 


137 


70 


25 


134 


50 


30 


138 


50 


32 


138 



64.9 
7tl 
7t6 
77.0 
719 
7«.6 



Comparison of Comparative Examples I to O with 
eS« 4 to 6 confinns the effect of the substituUon vn 
iT^^uon together with the use of^ ^^' 
droind^yi system, ru^ meltmg P^*"^^^^^^^^^ 
ing are significantly higher in each of Examples 4-J> 
Tnd the c^stallinity and hardness of the polymers are 
thus also significanUy improved. 

r A^^mpound of the formula I for p/eparing cssen- 
tially isouctic olefm polymers 




S.tf^cul from gt^up IVb. Vb or VIb of the Peri- 

Ri'lSSt'e identil or different and are a hydrogen 
.^m a C.-C,o-alWl g«>"P. » C,-C,o-alkoxy group, 
a SifoIaS 7ro"P^ C«^„.aryloxy group, a 
^>S«^EDyl /group, a C7-C«-arylalkyl group, a 
C^a»f group, a Q^arylalkenyl group 

R°L,d R^r& or different and - « hydrogen 
awm a halo/cn atQm. a halogen atom, a C,-Cjo-alkyl 

■^VrSsT-PRi'* radical in which R»5 is a halogen 
Mom a d,-C,aalkyl group or a Q-Co-aryl group^ 
R5 °d 'ilJe idcntiMl or different and are as defined 
fo% afi vlllh the proviso that R» and R' are no, 

hydrog^ 
R^is 



16 



23 



30 



R»» 
I 



Ri2 In In In 



R" 
I 



10 



15 



20 



R" 
I 



=BR'». =A1R'I, -Gc-, f Sn-, -0-. -S— . =SO. 
=S02. «NR", «PR»>or «P(0)R»>, 



where 

R". R12 and R»3 
hydrogen alom, 
group, a Ci 
group, a Q-Cii 
group, a Q-* 
group, a Cs- 
alkylaryl grouj 
each case witi 



nng, 

is silicon, j 



dentical or dilTerent and are a 
halogen atom, a C|-Cio-alkyl 
uoroaJkyI group, a Q-Cio-aryl 
iuoroaryl group, a Ci-Cio-alkoxy 
alkcnyl group, a C7-C4o-arylaIkyl 
Ho-aryialkenyl group or a C7-C40- 
or Ri» and R12 or RH and R^^ in 
the atoms connecting them, form a 



fermaiuum or tin, 



R8 and R^ ar^^ identical or difTerent and are as defmed 
for RH 

m and n are /dentical or different and are zero, 1 or 2, m 

plus n bdiig zero, 1 or 2, and 
the radicals Ri^ are identical or different and are as 
defmed /or R". Riband R»3. 
2. A compound of the formula I as claimed in claim 1, 
wherein, in the formula I, M* is Zr or Hf, Ri and are 
3 J identical or difTerent and are methyl or chlorine, or 
R* are hydrogen, R^ and R* are identical or difTerent 
' and are methyl, ethyl or trifluoromethyl, R^ is a 



Rii R>' 
40 I t 

— C— . Of —Si—, ndtciJ, 
R»^ R»2 



45 n plus m is zero or 1, and R'o is hydrogen. 

3. A compound of the formula I as claimed in claim 1 
wherein the compound is rac-dimetbyls0yl(2-methyl- 
4,5,6.7-teirahydro-l-indeny02Zirconium dichloride, rac- 
cthy lenc(2-rocthyl-4,5,6,7-tetrahydro* 1 -indenylhzir* 

50 conium dichloride, rac*dimethylsi]yl (2-mcthyi-44,6»7* 
tetrahydro-l-indenyl)2dimethy]zirconiuffl or rac* 
ethy lcne<2-methyl-4,5,6,7*teirahydro- 1 4Xidenyl)2dime- 
thylzirconium. 

4. A compound as claimed in claim 1, wherein M * is 
55 zirconium, hafnium or titanium. 

5. A compound as claimed in claim. 1, wherein R* and 
R2 are identical or difTerent and are a hydrogen atom* a 
Ci-C3-alkyl group, a Ci-Cs-alkoxy group, a Q-Cf-aryl 
group, a C6-Cs-aryIoxy group, a C2-C4-alkenyl group, 

W a C7-Cio-aryIaIkyl group, a C7-Ci2-alkylaryl group, a 
C5^i2-arylalkenyl group or chlorine. 

A compound as claimed in claim 1, wherein R^ and 
RTre identical or difTerent and are a hydrogen atom, a 
flu rine, chl rine or bromine atom, a C|-C4*ancyl 
^ group which may be halogenated, a Q-Cg-aryl group, 
a -NR2I5, -SR»^ -OSiR3>5, -SiRj"* or -PRjU 
radical in which R^Ms a chlorine atom, or a C|-C)*alkyl 
group or a Ce-Cg-aryl group.^ 
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7 A compound as cUimcd in claim 1. whercm and 

'^A «mJS2 claimed in claim 1. ^vhcrcin R^and 

c'o mSund as claimed in claim I. wherein R'^^ 
R6 are (cXAlkyl. which may be balogena.ed^-rth- 

compound as claimed in claim 1, whcrem R". 
R.2 and R^ idenucal or different and are a hydrogo. 

atom a halogen atom, a C-O-alkyl group, a CF, 
. C.-aryl group, a pcntanuorophenyl group, 
r cf:i^l^ y X. » S-CU-alkenyl group, a 

a C7-C,2-alkylaryl group, or R" and R"^ or R" and 
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in each case together with the atoms connecting 
them, form a ring. 

11. A compound as claimed in claim 1, wherein ts 
silicon or germanium. 
5 12, A compound as claimed in claim 1. wherein is 
^RMRii, =SiR"Ri2. =GcR»iR»2. -S-, 
=50. =PR»or =P(0)R>». 

13. A compound as claimed in claim 1. wherein m and 
n arc identical or difTcreni and arc icro or 1. 
10 14. A compound as claimed in claim 1, wherein m 
plus n is ztxo or 1. 

15. A compound as claimed in claim 1. wherein R'^is 
hydrogen or Ci-C4-alkyI groups. 
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